The pulmonary function test (PFT) is an important quantification test in the follow-up of sarcoidosis patients. We aimed to investigate the effect of lymphadenopathy (LAP) after controlling pulmonary parenchymal involvement on pulmonary function tests (PFTs) in the context of sarcoidosis.
IntrodUctIon
Sarcoidosis is a multi-systemic disease characterized by noncaseating inflammatory histopathologic findings. It commonly affects lung and mediastinal lymph nodes. Although patients commonly present with pulmonary signs, sarcoidosis may present with all types of organ involvement.
Clinical evaluation, chest x-ray, pulmonary function test (PFTs), and high-resolution computerized tomography (HRCT) are important tools in the diagnosis of the disease [1] [2] [3] . PFTs and HRCT are also important for the followup of the progression and activation of the disease [3] [4] [5] . In addition to restrictive respiratory dysfunction, obstructive dysfunction can also be observed in sarcoidosis. There is a correlation between PFTs and the stage and prognosis of the disease [2] . Lymph node involvement is present in stages I and II; lung parenchyma involvement of the disease is present in all stages, except stages 0 and I of the disease [6] . There are some studies in the literature showing a relationship between the presence of radiologic findings and PFTs, however, there is no previous study, according to our knowledge, investigating separately the parenchymal involvement and individual lymph node involvement effect on PFTs [2, 5] . In this study, we aimed to investigate the effect of lymphadenopathy (LAP) alone or after controlling pulmonary parenchymal involvement on PFTs in the context of sarcoidosis. We also aimed to determine the relationship between various radiological and bronchoscopic appearances of sarcoidosis and PFTs.
MAterIAl And Methods
A total of 63 sarcoidosis patients, who had a histopathologically verified diagnosis, between January 2006 and December 2011 were included in the study. Their demographic data, clinical history and chest x-ray, HRCT and bronchoscopic findings were obtained from the records of the Atatürk University Research Hospital and were evaluated retrospectively. None of the patients had been previously treated for sarcoidosis. Inclusion criteria were the presence of all data including chest x-ray, HRCT and bronchoscopy and histopathological verification of sarcoidosis. Patients with a previous history of chronic obstructive pulmonary disease, asthma, or cigarette smoking for more than 10 pack/years were not included in the study (n=17).
chest X-rays
All patients in the study had chest x-rays, which were classified as follows: stage 0 Normal radiograph; stage I Lymphadenopathy only; stage II Lymphadenopathy associated with pulmonary infiltrates; stage III Pulmonary infiltrates without lymphadenopathy; stage VI Extensive fibrocystic changes and scarring [6] .
Pulmonary Function tests
The pulmonary function tests were performed within one week of the CT examination in 63 patients. All PFTs were performed according to the American Thoracic Society guidelines [7] . The pulmonary function tests were carried out using a computerized spirometer (Vmax22; Sensor Medics Corp, Yorba Linda, CA, USA). Forced expiratory volume in one second (FEV 1 ), forced vital capacity (FVC) and FEV 1 /FVC ratio, and forced expiratory flow during the middle half of the FVC (FEF 25-75 ) were recorded. FEV 1 and FVC values were also expressed as a percentage of the predicted value for age, sex, and height [8] .
ct examination A CT examination was performed with either a Spiral CT (X-Vision, Tokyo, Japan) (n=23) or 16-detector-row CT system (Aquillon, Toshiba Medical Systems, Tokyo, Japan) (n=40). All CT examinations were obtained at maximal inspiration in the supine position with 1.5 mm collimationat 20 mm intervals. The volume of the examination extended from the lung apices to the lung bases. The images were photographed with a window level of -600 HU and a window width of 1.300 HU (i.e., lung windows) and a window level of 10 HU and a window width of 300 HU (i.e., mediastinal windows). Additionally, thin-section CT images were reconstructed with a high-spatial frequency (bone) algorithm and photographed with relatively wide window settings to allow evaluation of both pleura and parenchyma (window center -550 HU, window width 1.500 HU).
The CT was reviewed independently by two radiologists who were unaware of the clinical and radiographic data. The final decision was made by consensus of the two radiologists. The reviewers evaluated the images with lung windows for the presence and distribution of fissure displacement, bronchial distortion, masses, nodules, micro-nodule, reticular opacity, traction bronchiectasis, ground-glass opacity, septal lines, intralobular septal lines, cysts, emphysema, subpleural lines, consolidation, bronchovascular thickening or irregularity of the bronchovascular bundles, aspergilloma, atelectasis, air trapping, cavity, and honeycombing. The images with relatively wide windows were evaluated for the presence and severity of pleural thickening, calcification, and effusion and with a mediastinal window for the presence of lymphadenopathy with or without calcification. Lymph node enlargements with a short axis of 1 cm or more were considered pathologic [9] . The lymph node evaluation was done according to the International Association for the Study of Lung Cancer Staging Committee staging system [10] .
Each lung was craniocaudally divided into upper (apex to carina), middle (carina to inferior pulmonary vein), and lower (inferior pulmonary vein to lung base) zones. After the evaluation of the grades (0 to 4) for each of the six lung zones (three zones of each lung) in the craniocaudal axis, the percentages of grade 0 (no involvement), grade 1 (1-25% of the lobe involved) and grade 2 (26-50% of the lobe involved) and the percentages of grade 3 (51-75% of the lobe involved) and grade 4 (76-100% of the lobe involved) were summed separately to show none, mild, moderate, severe and very severe, respectively [11] .
Bronchoscopy
A fiberoptic bronchoscopy (FOB) (Olympus Videobronchoskopy BF type 1 T240 ® ) under local anesthesia was used in the diagnostic evaluation of all patients. Bronchial stenosis, defined as the presence of endobronchial involvement, mural thickening and external compression of the tracheobronchial tree, were recorded during FOB. All bronchoscopic findings were recorded without considering local or diffuse involvement. Local and diffuse involvement were defined as either the presence of only one lobe or more than one lobe involvement, respectively.
All patients were informed about the study and provided consent to participate. The study was planned according to the ethics guidelines of the Helsinki Declaration and study protocol approved by the Atatürk University School of Medicine local ethical committee (B.30.2.ATA.0.01.00/14).
statistical Analysis
The data were analyzed using the SPSS version 18 statistical software (SPSS Inc., Chicago, IL). The effect of all LAP and HRCT findings on PFT was evaluated via a Student's T test due to normal distribution. The Spearman's rank correlation test was used to assess the following: relation of PFT and age; smoking and chest x-ray; correlation with PFT parameters and localization of LAP and degree of involvement in HRCT; relationship of bronchoscopic findings with PFT. The degree of involvement in HRCT relationship between PFT and LAP was determined by multivariate analysis. P<0.05 was considered statistically significant. resUlts Sixty-three patients were enrolled in the study. The patients consisted of 17 males and 46 females. The average age of the patients was 41±13 years and the range was 21-66; 49 of the patients were non-smokers and the remaining 14 had a history of smoking between 1 and 10 pack/years (mean 6.2±3.2 pack/years).
Disease stages of the patients according to chest x-ray were as follows: 18 patients (28.6%) were stage I; 39 patients (61.9%) were stage II; 5 patients (7.9%) were stage III; one patient (1.6%) was stage IV. The bronchoscopy findings of the patients were as follows: external compression in 30 (47.6%) patients; mural thickening in 3 (4.7%) patients; and presence of endobronchial involvement in 3 (4.7%). In the remaining patients, the bronchoscopy was normal.
Involvement of lymph node stations and frequency of coinhabitants are shown in Table 1 . The frequency of lymph node involvement from the most frequent to the least was as follows: bilateral hilar LAP (BHL) (n=51, 81%); right upper paratracheal LAP and aortopulmonary LAP (n=37, 58.7%); right lower paratracheal LAP (n=34, 54%); left upper and lower paratracheal LAP (n=32, 50.8%); subcarinal LAP (n=28, 44.4%); prevascular LAP (n=20, 31.7%); retrotracheal LAP (n=16, 25.4%); intrahilar LAP (n=14, 22.2%); paraesophageal LAP (n=8, 12.7%); pulmonary ligamentum LAP (n=6, 9.5%); and lobar LAP (n=4, 6.3%) (Figure 1 ).
The relation of particular site LAP to PFTs was investigated ( Table 2 ). There is a statistically significant relation between PFTs parameters (mean FVC and mean FEV 1 ) and BHL, and intrahilar LAP and lobar LAP (p=0.005 and p=0.001). The relation between mean FEV 1 /FVC and right upper paratracheal LAP, prevascular LAP and left lower paratracheal LAP were statistically significant (p=0.001, p=0.004 and p=0.001). The relation between mean FEF 25-75 (% pred) and subcarinal LAP, paraesophagus LAP and pulmonary ligamentum LAP were statistically significant (p=0.004, p=0.001 and p=0.001). We detected that FVC is more affected by lymphadenopathy which is adjacent or proximal to neighboring bronchi, and this is similar to the results for FEV 1 . With regard to the relation of PFTs parameters to findings on HRCT, we detected a statistically significant relation between the presence of micronodules in HRCT and all parameters of PFTs (Table 3) . FVC (% pred.) and FEV 1 (% pred.) have a significant relation with the findings on HRCT, including fissure displacement, emphysema, air trapping, ground-glass opacity, pulmonary fibrosis, and honey-combing (p=0.001).
There is also a strong correlation between FEF 25-75 (% pred) and presence of ground-glass opacity, emphysema, and air trapping in HRCT results of the patients (p=0.001).
Considering the degree of involvement in HRCT, the relation between PFTs parameters and LAP localization are indicated in Table 4 . The relation was still present between LAP (hilar, intrahilar and lobar) and PFTs (FVC and FEV 1 ). Also, FEV 1 / FVC has a relation with left lower paratracheal LAP, paraesophagus LAP, pulmonary ligamentum LAP, prevascular, and hilar LAP. FEF 25-75 has a relation with subcarinal and paraesophagus LAP.
We detected a statistically significant correlation between PFTs and bronchoscopic findings (Table 5 ). When we looked for a correlation between PFTs and age, smoking, and stage of disease on the chest x-ray, we found a statistically significant negative correlation between age and FEV 1 /FVC (p=0.002) and FEF 25-75 (p=0.04). There is no statistically significant correlation between PFTs and smoking. There is a statistically significant negative correlation between the radiological stage of sarcoidosis and FVC (p=0.01) and FEV 1 (p=0.01).
dIscUssIon
In the management and follow-up of the patients with sarcoidosis, PFTs and HRCT play important roles. In our study, we revealed that, in addition to the parenchymal involvement of the disease, special localization of lymph node involvement also has an important effect on the PFT parameters of sarcoidosis patients. It is possible that decrease in PFTs resulted from the presence of BHL and intrahilar LAP because of compression on the adjacent bronchi.
Although sarcoidosis primarily affects small airways, large airways can be involved in the disease process, albeit less frequently. Mural thickening, endobronchial involvement, extrinsic compression from enlarged lymph nodes, and architectural distortion of the airway can all lead to bronchial stenosis. Bronchoscopy is a useful tool identifying tracheobronchial stenosis [12, 13] . In the present study, bronchial stenosis was found in 57.2% (n=36) of our patients. Bronchostenosis has been described in 2%, 8% and 26% of sarcoidosis patients undergoing bronchoscopy [14] [15] [16] . The increased rate of patients with stenosis in our study may result from recording of the stenosis regardless of its degree and extent. Pulmonary function tests may be affected by bronchial stenosis. Granulomas lying in a perilymphatic distribution along the bronchovascular bundles may compress both small and large airways, producing an obstructive function deficit [17, 18] . In the present study, FEV 1 /FVC <70 was found in four (11.1%) of the patients who had stenosis; external compression of bronchi due to LAP was present in all four patients. Udwadia et al. [19] reported that all patients (n=12) with bronchostenosis showed an obstructive pattern in their study. Chambellan et al. [20] reported that FEV 1 /FVC <70 in 12 (66.7%) of 18 patients who had endobronchial stenosis, external compression due to LAP was present in two (11%) of these patients. It is highly possible that the difference between our results and previous studies resulted from the criteria that we used for bronchial stenosis.
Lymphadenopathy is one cause of bronchial stenosis. When we evaluated the relation of PFTs and presence of LAP, we found a decrease in PFTs parameters in most of the patients who had LAP. We also found that FVC further decreases if there are neighboring LAP to bronchi, which is similar to FEV 1 and FEV 1 /FVC is further affected by neighboring LAP to the trachea. Handa et al. [21] found no relation between FEV 1 /FVC and mediastinal or hilar LAP. Incontrast, Drent et al. [22] found a slight depressive effect of LAP on PFTs parameters. In our study, the relationship of PFTs and LAP was investigated in more detail, and we determined that the presence of LAP at lower levels and neighboring LAP to bronchi further affect PFTs parameters.
There is a correlation between radiological involvement and PFTs [21, 22] . The effect of radiological involvement on PFTs is commonly via a restrictive pathologic mechanism. Also, obstructive impairment is as common as restrictive impairment, particularly in advanced fibrocystic disease or endobronchial disease [23] . Hansell et al. [11] concluded that reticular pattern, pulmonary fibrosis has the most profound effect on obstructive lung impairment in sarcoidosis. We detected nodules, micronodules, reticular pattern and pulmonary fibrosis has the most profound effect on restrictive lung impairment in sarcoidosis. We also observed that the presence of micronodules particularly affects all parameters of PFTs in favor of restriction. We interpret that the smaller amount of obstructive effect in our study is due to a lower number of patients with endobronchial involvement.
In our study, when we looked for a correlation between PFTs parameters and age, smoking, and stage according to chest x-ray, there was a negative correlation between age and FEV 1 /FVC and FEF 25-75 . We did not detect a significant correlation between smoking and PFTs. There was a negative correlation between the stage according to chest x-ray and FVC, FEV 1 and FEV 1 /FVC. Handa et al. [21] detected an independent significant correlation between FEV 1 /FVC and age, smoking, and the stages on chest x-ray in their study. Because we excluded the cases with a smoking history of more than 10 pack-year, it was not reasonable to expect to find such a correlation among our cases. In conclusion, our study results suggest that, in addition to parenchymal involvement of the disease, special localization of lymph node involvement may also have an important effect on the PFTs parameters among patients with sarcoidosis.
